Age-related decline is pervasive in tasks that require explicit learning and memory, but such reduced function is not universally observed in tasks involving incidental learning. Yet it is unknown if habitual attention, involving incidental probabilistic learning, is preserved in older adults. Previous research on habitual attention investigated contextual cuing in young and older adults, yet contextual cuing relies not only on spatial attention but also on context processing. Here we isolated habitual attention from context processing in young and older adults. Using a challenging visual search task in which the probability of finding targets was greater in one of four visual quadrants in all contexts, we examined the acquisition, persistence, and spatial-reference frame of habitual attention. Although older adults showed slower visual search times, and steeper search slopes (more time per additional item in the search display), like young adults they rapidly acquired a strong, persistent search habit toward the highprobability quadrant. In addition, habitual attention was strongly viewer-centered in both young and older adults. The demonstration of preserved viewer-centered habitual attention in older adults suggests that it may be used to counter declines in controlled attention. This, in turn, suggests the importance, for older adults, of maintaining habit-related spatial arrangements.
Introduction
Cognitive decline is a significant deterrence to sustaining quality of life in older adults. Functions that rely most heavily on the prefrontal cortex, such as attention, working memory, and cognitive control, show the clearest signs of impairment with aging (Braver & Barch, 2002; Salthouse, 2012) . Impairments in attention are frequently found when comparing older and young adults on difficult visual search tasks, such as finding a letter T among letter Ls (e.g., Müller-Oehring, Schulte, Rohlfing, Pfefferbaum, & Sullivan, 2013; Potter, Grealy, Elliott, & Andrés, 2012) . Compared with young adults, older adults are slower, particularly when task complexity and distraction are increased (Madden et al., 2014; Potter et al., 2012) . Such agerelated decline in attention and frontal function is associated with a reduction in white-matter integrity (Andrews-Hanna et al., 2007; Bennett, Motes, Rao, & Rypma, 2012) and increased compensatory neural activity in the frontal and parietal cortices (Reuter-Lorenz & Park, 2010) . Given the central role of attention in many daily activities such as driving, reading, and grocery shopping, what mechanisms might older adults use to compensate for declining attentional functions?
Previous research suggests that one type of attention, habitual attention, may be preserved in older adults. Such preservation may allow older adults to efficiently allocate visuospatial attention, especially in environments that support a consistent search habit. This idea stems from the finding that older adults may have a preserved ability to acquire contextual Jiang, Koutstaal, & Twedell cuing . In studies of contextual cuing, participants search for a target T presented among L distractors. Unbeknownst to the participants, some of the search displays occasionally repeat whereas others are new. Young adults are typically faster finding the target on repeated displays than on new ones, suggesting that they can use the spatial layout to cue attention to the associated target location (Chun & Jiang, 1998) . Using this paradigm, several studies found that contextual cuing is preserved in healthy older adults (Howard Jr., Howard, Dennis, Yankovich, & Vaidya, 2004; Lyon, Scialfa, Cordazzo, & Bubric, 2014) . Similar results were found when testing older and young adults in a matrix scanning task (Schmitter-Edgecombe & Nissley, 2002) . Because repeatedly searching within the same display facilitates visual search, contextual cuing may be considered an index of habitual attention.
However, not all studies using contextual cuing-like paradigms have supported the view that incidentally learned spatial attention was intact in older adults. Rabbitt (1982, as cited in Lyon et al., 2014) found that older adults were less capable of using neighboring distractors to cue the target's location. In addition, older adults in one study failed to acquire contextual cuing, suggesting that aging may impair habitual attention (Smyth & Shanks, 2011) .
A possible reason for conflicting findings is that contextual cuing is a complex experimental paradigm that relies on multiple cognitive and brain processes. In contextual cuing, particular multi-element arrays of distractors are repeatedly presented, and the location of the target is predictable based on the specific spatial configuration of the distractors in these repeated arrays. Thus, contextual cuing depends on at least two mechanisms: processing the repeated spatial context, and deploying attention to the specific target location within a learned context. Several studies showed that the medial temporal lobe is involved in contextual cuing, supporting the idea that context processing is an integral component (Chun & Phelps, 1999; Manns & Squire, 2001; Negash et al., 2015) . When older adults are impaired in contextual cuing, it can either be attributed to a deficit in context processing or a deficit in shifting attention within a repeated context. To understand effects of aging on visuospatial habitual attention, it is necessary to use other experimental paradigms that isolate spatial attention away from context processing.
In the current study we use location probability learning to more directly test visuospatial habitual attention. Consider the task of finding a single letter T among many distractor letter Ls ( Figure 1A ). To locate the T participants will need to attend to the items one at a time until the T is found. The task can be simplified if information about the target's location is known in advance. For example, instructing participants to search the lower right quadrant mobilizes the goal-driven attentional system, facilitating reaction time (RT) if the target is located in that quadrant. Even in the absence of explicit instructions, participants can develop a search habit toward the lower right. Such a habit may be formed if participants encountered the target most frequently in that quadrant in previous trials.
Several studies demonstrated that, in young adults, search habit forms quickly after just two-dozen trials Jiang, Swallow, Rosenbaum, & Herzig, 2013) . Unlike goal-driven attention, such habit-based search does not depend on explicit instructions about where to search first. Most participants are unaware of the target's location probability, yet they demonstrate a robust search habit (evidenced by reduced response times) toward the high-probability target region (Geng & Behrmann, 2002; . The habit is attentional, rather than motoric, because frequently moving one's eyes toward the high-probability region is neither necessary (Geng & Behrmann, 2005) nor sufficient for its development. Because the task induces the same spatial preference on all trials, location probability cuing does not depend on context processing. Therefore, it allows for a clearer examination of the effects of aging on attention. Jiang, Koutstaal, & Twedell The emergence of location probability cuing through incidental learning suggests that it may be spared in older adults. Whereas age-related decline is pervasive in tasks that require explicit learning and memory (Braver & Barch, 2002; Salthouse, 2012) , such reduced function is not universally observed in tasks involving incidental learning or unintentional forms of memory (Koutstaal, 2003) . In a subset of studies, older adults show preserved abilities in acquiring visual perceptual learning (Bower, Watanabe, & Andersen, 2013) and spatial context learning (Howard Jr. et al., 2004; Lyon et al., 2014) . These findings raise the possibility that older adults may be able to acquire probability cuing, even though the more controlled aspects of attention (such as the efficiency in finding a target) are negatively impacted.
Other findings in the literature lead to an alternative prediction, namely, a more pervasive deficit in attention in older adults. Neuroimaging studies implicate an age-related decline in the function of the striatum (Bäckman, Lindenberger, Li, & Nyberg, 2010; Raz et al., 2005) , a key brain structure important for the development of habits (Graybiel, 2008) . This finding is corroborated by a subset of implicit learning studies revealing impaired serial reaction learning (Howard Jr. et al., 2004; Vandenbossche, Coomans, Homblé, & Deroost, 2014) and incidental environment learning (Caine, Nichols, Fisk, Rogers, & Meyer, 2011) , in older adults relative to young adults. In some cases, older adults are impaired in both explicit and implicit learning (Vandenbossche et al., 2014) . In addition, aging changes the functional balance between different brain regions, such as the medial temporal lobe and the striatum. This may explain why older adults rely more on the medial temporal lobe rather than the striatum, relative to young adults, in probabilistic sequence learning (Howard & Howard, 2013) .
To shed light on conflicting findings in the existing literature on contextual cuing and other incidental learning tasks, and to examine effects of aging on habitual attention, we conducted two experiments using a location probability cuing task. These experiments tested the acquisition and extinction of probability cuing as well as the spatial reference frame used for attention in young and older adults.
Experiment 1
Experiment 1 established the basic experimental paradigm on location probability learning. Participants searched for a T target among varying numbers of L distractors ( Figure  1A ). For each trial, there was only one target in the search array. Upon finding the T, participants pressed one of two buttons to report its color (slightly red or green). In an initial training phase, we presented the T more frequently in one visual quadrant (e.g., the upper left, 50% of the time) than in any of the other visual quadrants (16.7% of the time in each of the remaining quadrants; Figure 1B ). Participants performed this search for about 300 trials. We compared search RT for trials in which the target was in the high-probability quadrant with that in which the target was in the low-probability quadrants. To examine the extinction or persistence of the learned search habit, the T's location was rendered random in a testing phase. The target appeared in each quadrant 25% of the time, making all quadrants equally probable ( Figure 1C ). Throughout the experiment participants received no explicit information about the target's location probability. 
Method
Participants. Thirty-two participants completed Experiment 1. There were 16 young adults between the ages of 18-30 years, and 16 older adults between the ages of 60-80 years. Table 1 lists summary demographic characteristics of the two groups.
General procedure. During an initial phone screening all participants self-reported to have normal or corrected to normal vision and hearing, were native English speakers, and did not have a history of serious health problems. In the laboratory, all participants were tested with a color palette and demonstrated that they had normal color vision. Participants filled out a basic demographic form about their health and education history. They then completed the computerized visual search task, a questionnaire about their personality, and paper-and-pencil cognitive tests from the Shipley Institute of Living Scale-2 (Shipley-2; www.creativeorgdesign.com).
Equipment. Participants were tested in individual testing rooms with normal interior lighting. They sat in front of a 17-inch CRT monitor (1024x768 pixels; 75 Hz). The monitor was in its normal upright orientation. Viewing distance was unconstrained but was approximately 40cm, the distance from which visual angles were calculated. The search task was programmed with Psychtoolbox (Brainard, 1997; Pelli, 1997) , implemented in MATLAB (www.mathworks.com).
Materials. Participants conducted visual search for a T target among L distractors. There was one T and a varying number of Ls (7, 11, or 15) on each display, presented in randomly selected locations from 100 possible locations (10x10; 32ºx32º). A uniform white frame (39ºx39º, frame width 0.2º) surrounded the search space. Each search item was 2ºx2º in size. The T was randomly oriented, so were the Ls. Items were placed against a black background. To reduce clear perceptual segmentation, all items were predominantly white with a red or green tint. The RGB values were [250 188 188] for red and [188 250 188] for green. Participants were asked to find the T target and report its color by pressing 'r' for red and 'g' for green. Target color -red or green -was randomly determined on each trial with the constraint that the two colors occurred equally often in a trial block. Design. Participants first completed 17 practice trials during which the target's location was random. Next they completed 12 blocks of trials, with 36 trials per block. The first 8 blocks constituted the training phase. During this phase the target was placed in a high-probability quadrant 50% of the time (i.e., 18 out of the 36 trials), and in each of the low-probability quadrants 16.7% of the time (i.e., 6 trials each). The exact target location within a quadrant was randomly chosen among the 25 possible locations of the quadrant. The high-probability quadrant was counterbalanced across participants and remained consistent for a given participant. The next 4 blocks constituted the testing phase. During this phase the target was equally likely to appear in any quadrant (i.e., 9 out of the 36 trials in each quadrant). Distractors were placed in random locations, with the constraint that an equal number of items were in each quadrant. Trials of different set sizes (8, 12, or 16 items) were randomly intermixed in a block.
To further examine the long-term persistence of the search habit, we tested a subset of the participants -5 young adults and 6 older adults -in an extended testing phase. This extension included two additional testing blocks of 72 trials (for a testing phase totaling 216 trials).
Procedure. Each trial started with a white fixation square (1ºx1º) presented randomly within the central 3º pixel region of the screen. Participants initiated the trial by clicking on the fixation square. This fixation task required eye-hand coordination and ensured that the eye position was centered before each trial. Two-hundred milliseconds after the mouse click the search array of T and Ls was displayed. It remained in view until participants pressed a key to report the target's color. Participants received auditory feedback in the form of three quick chirps (300ms total) after a correct response, or a low buzz (200ms) and a blank timeout (2000ms) after an incorrect response. Participants were instructed to respond as accurately and as quickly as possible.
Recognition test. After completing the visual search task, participants were asked whether they thought the target was equally likely to appear anywhere on the screen or whether it was more often found in some locations than others. This question probed their general awareness of the location probability manipulation ("impression"). Regardless of their response, they were next informed that the target was more often in one visual quadrant. They were asked to click on the quadrant where they thought the target most frequently occurred ("recognition"). Lastly, participants rated their confidence about their recognition response on a 4-point scale, with 1 being "guessing" and 4 being "certain."
Individual differences measure. Participants completed the short-version of the Adult Temperament Questionnaire (ATQ; Derryberry & Rothbart, 1988) to assess their personality components. The ATQ provided measures for several personality factors, including ones related to attention, such as attentional control, inhibitory control, and orienting sensitivity. Lower scores indicate better control. The older and young adults were comparable on most of these self-reported ATQ measures (Table 1) . Participants then completed the Shipley-2 as a standardized measure of intelligence quotient (IQ). The Shipley-2 contained two parts: Vocabulary and Abstract reasoning. Results yielded scores for verbal (vocabulary), and nonverbal (abstract reasoning) components, and a composite IQ. (5) 114 (10 Note: Tests of statistical significance indicated that older adults, in both experiments, had more years of education. Young adults had better self-reported inhibitory control than older adults in Experiment 2.
Results
(1) Accuracy and RT adjustment Both groups showed an error rate of less than 3%, validating the use of RT as a measure performance. However, similar to a previous study (McLaughlin & Murtha, 2010) , older adults were slightly more accurate (mean 99%) than were young adults (mean 97%), a difference that was statistically significant, t(30) = 3.29, p < .01. Other than this main effect, age group did not interact with other experimental factors for the accuracy measure. To adjust for the small accuracy difference between young and older adults, we adopted the common use of an adjusted RT known as "inverse efficiency" (Akhtar & Enns, 1989; Christie & Klein, 1995) , computed as RT divided by accuracy. Trials in which an incorrect response was made were excluded from the RT analysis. The adjusted RT increased RT more for conditions or individuals that had lower accuracy. Data reported here are based on the adjusted RT. The statistical results remained the same when RT was unadjusted. This was also the case in Experiment 2.
(2) Training phase
Figure 2. Results from Experiment 1 across the 12 blocks. In the first 8 blocks the target was more often shown in the high-probability quadrant. In the last 4 blocks the target was equally likely to appear in any quadrant. Error bars show ±1 S.E. of the mean across participants.
The first analysis examined the acquisition of a search habit in the training phase. It combined data from all set sizes. An ANOVA on the target's quadrant condition (high-or lowprobability), block (1-8), and age group (older or young) revealed significant location probability learning. RT was faster in the high-probability quadrant relative to the lowprobability quadrant, F(1, 30) = 47.96, p < .001, p 2 = .62. RT improved in later blocks, relative to earlier ones, reflecting general learning in visual search, F(7, 210) = 12.84, p < .001, p 2 = .30. Location probability learning was greater in later than in earlier blocks, yielding a significant interaction between target quadrant condition and block, F(7, 210) = 2.16, p < .04, p 2 = .07. The linear trend in the interaction term was significant, F(1, 30) = 10.43, p < .003, p 2 = .26. A significant main effect of age group was observed, with older adults responding significantly slower than young adults, F(1, 30) = 12.52, p < .001, p 2 = .29. The magnitude of location probability learning was comparable between older and young adults, resulting in a lack of significant interaction between target quadrant condition and age group, F(1, 30) = 2.04, p > .15. Age did not interact with experimental block, F(7, 210) = 1.26, p > .25; neither was the three-way interaction between age, target quadrant, and block significant, F(7, 210) = 1.06, p > .35. Location probability learning appeared very early. By Block 1 participants were already faster in the high-probability quadrant, F(1, 30) = 10.79, p < .003, p 2 = .27, an effect that did not interact with age group, F < 1. Location probability learning was also comparable in magnitude between the two groups. When expressed as a percent saving relative to the RT of the lowprobability quadrants, the high-probability quadrant was 17% faster in older adults and 14% faster in young adults, a difference that was not significant, p > .40. 
Young adults
Low-probability High-probability Jiang, Koutstaal, & Twedell (3) Testing phase This analysis evaluated the persistence of location probability learning in the testing phase, during which the target was placed in random locations. An ANOVA on target quadrant, testing block, and age group revealed a significant main effect of target quadrant. Participants persisted in finding the target faster in the previously high-probability quadrant, F(1, 30) = 40.25, p < .001, p 2 = .57. This pattern of persistence lasted across all 4 testing blocks, revealing no interaction between target quadrant condition and test block, F < 1. Older adults continued to be slower than young adults, F(1, 30) = 22.43, p < .001, p 2 = .43. However, both groups showed strong persistence, reflected by a lack of interaction between age group and target quadrant, F < 1. None of the other effects were significant, all Fs < 1.49, ps > .20. Relative to that in the previously low-probability quadrants, RT in the previously high-probability quadrant showed a testing-phase saving of 13% in older adults and 12% in young adults. Thus, like their younger counterparts, older adults acquired a strong, persistent search habit toward the high-probability quadrant.
(4) Extended extinction in the testing phase The results shown in Figure 2 appear to indicate that, in older adults, there may be an attenuation in the influence of the previously learned location probability especially during the latter part of the testing phase. This pattern, however, did not reach statistical significance. As reported above, the interaction between target quadrant and testing block was not significant, neither was the three-way interaction among target quadrant, testing block, and age group. Nonetheless, to help understand whether the search habit would further diminish with additional testing, we tested a subset of the participants, including 6 older adults and 5 young 
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Low3probability# High3probability# Jiang, Koutstaal, & Twedell adults , in an extended testing phase. In addition to the standard 4 blocks (144 trials) of testing, these participants completed 72 further search trials in the testing phase. As shown in Figure 3 , both the older and young adults showed sustained location probability effects in the extended testing blocks. The main effect of target quadrant was significant, F(1, 9) = 15.61, p 2 = .003, and it did not interact with age group, F(1, 9) = 1.56, p > .20. The percentage saving in RT was approximately 17% in the older adults and 14% in the young adults, similar to the RT saving observed in the training phase.
(5) Explicit recognition Older and young adults showed similar degrees of explicit awareness about the main experimental manipulation. When first asked whether they thought the target's location was random, 50% of the older adults and 56% of the young adults said the target was more often in some locations than others. When given the forced choice about the quadrant most often containing the target, 37.5% of the older adults and 31.5% of the young adults correctly identified the high-probability quadrant. These values did not differ from each other (p > .50), and were not significantly higher than chance, 2 (1) < 1.50, p > .20 (chance was 25%). Recognition accuracy in participants with extended testing (6 blocks) was 36%, not significantly different from the 33% accuracy in those with standard testing (4 blocks). Both groups expressed low confidence in their recognition choice. On a 4-point scale with 1 being guessing and 4 being certain, the mean confidence rating was 1.4 in older adults and 1.6 in young adults, t(30) = 0.85, p > .40. Confidence rating did not significantly correlate with recognition accuracy in either the older or the young adults group, Pearson's rs < 0.20, ps > .40.
The percentage of participants who said the target's location was uneven and accurately identified the high-probability quadrant was 25% in the older group and 19% in the young group. These constituted the "aware" participants. The majority of the participants were either unable to identify the high-probability quadrant or did not realize the target's location was uneven. These constituted the "unaware" participants. To examine the possible association between explicit awareness and location probability learning, we calculated the proportional RT saving in the high-probability quadrant relative to the low-probability quadrants. Explicit awareness was not associated with greater location probability learning. In the training phase, the aware participants (N=7) showed a 10% saving in RT, which was no greater than the 17% saving shown by the unaware participants (N=25), p > .15. This was also true in the testing phase, a 10% saving by the aware group and a 13% saving by the unaware group, p > .50.
Discussion
Experiment 1 used location probability learning to uniquely index a form of spatiallydirected habitual attention that generalizes across varying distractor displays. In our paradigm, the target occurs more frequently in one spatial quadrant, relative to the other three. This induces a general spatial preference toward the high-probability region. We found that older adults, like young adults, acquired a search habit toward the high-probability quadrant. Equally important, the pace and magnitude of learning was comparable between older and young adults. The learned habit was highly persistent, lasting for more than 200 trials in the testing (extinction) phase. Despite showing a general slowing in overall search response times, older adults manifested intact location probability learning.
Our finding conceptually advances beyond previous studies that used contextual cuing to examine spatial attention. Contextual cuing occurs when people are faster in detecting the target for the repeated multi-element arrays than for novel (never before presented) arrays (Chun & Jiang, 1998) . People do not acquire a consistent spatial preference for a single region of space in contextual cuing because the target is equally likely to appear in all four quadrants. Because contextual cuing is context-specific (dependent on the particular arrays that are repeatedly presented), it may depend on the integrity of the medial temporal lobe (Chun & Phelps, 1999; Manns & Squire, 2001 ). Previous studies using contextual cuing were unable to isolate effects of aging on attention from effects of aging on context processing. Existing studies have presented conflicting findings with regard to whether older adults are impaired in contextual cuing (e.g., Howard Jr. et al., 2004; Smyth & Shanks, 2011) . In contrast, habitual attention as indexed here is a general spatial attentional habit independent of specific search displays. By isolating habitual spatial attention away from context processing, our study provides compelling evidence that habitual spatial attention itself is intact in healthy older adults.
One feature -long-term persistence -qualifies location probability cuing as a form of habit. Although one block of training was enough to induce strong probability cuing, several blocks of extinction testing failed to eliminate the effect. Even participants tested with extended extinction (totaling more than 200 trials) continued to show a strong preference for the previously high-probability quadrant. The long-term persistence of probability cuing may seem surprising, yet it is consistent with the finding that many forms of visual statistical learning are remarkably enduring (Chun & Jiang, 2003) . A previous study showed that probability cuing persisted even when the extinction phase lasted more than 500 trials. This effect only gradually declined when participants were trained with a new spatial bias .
Experiment 1 provided initial evidence that probability cuing was not associated with explicit awareness. Aware and unaware participants showed similar magnitudes of learning. However, given that awareness was assessed with just a single recognition item, our data should not be taken as definitive evidence that learning in this task is implicit (see Vadillo, Konstantinidis, & Shanks, 2016) . Future studies using more sensitive measures of explicit awareness are needed to determine the association between explicit awareness and probability cuing.
Experiment 2
Did older and young adults code the high-probability locations in a qualitatively similar manner? Specifically, were these locations coded relative to the external world, as in "the topright of the monitor," or relative to the viewer, as in "the viewer's upper right visual field"? This question pertains to a fundamental characteristic of spatial attention -its spatial reference frame.
Previous research using spatial memory and mental rotation tasks found that aging more severely interfered with world-centered (allocentric) than viewer-centered (egocentric) coding (Lithfous, Dufour, Blanc, & Després, 2014; Montefinese, Sulpizio, Galati, & Committeri, 2015) . For example, Montefinese et al. (2015) asked participants to encode an object's location relative to either the world or the viewer. After a viewpoint change participants judged whether the object's location remained the same according to the instructed reference frame. Older adults were significantly impaired when they had to perform the task based on an allocentric reference frame. These findings raise the possibility that older and young adults rely on different reference frames to code a target's location. However, participants in Montefinese et al.'s study were given explicit instructions about how to code an object's location. Those in the present study received no instructions. It is unclear whether aging affects the spontaneous use of a spatial reference frame in attention tasks. Jiang, Koutstaal, & Twedell To dissociate the viewer-centered reference frame from the world-centered reference frame, a viewpoint change was introduced between the training and testing phases of Experiment 2. Specifically, participants were trained in a different visual search setup in which the computer monitor was placed flat on a table. Participants sat at one side of the table, looking down at the computer screen (Figure 4 ). In this training phase they most frequently found the target in one quadrant. At the completion of the training phase participants were asked to move their chair to sit at another side of the table, producing a 90º change in their viewpoint (Figure 4) . They then performed visual search from this new perspective. Similar to Experiment 1, in the testing phase the target's location was random, allowing us to examine whether the persisting search habit was directed in a world-centered or a viewer-centered reference frame.
If the high-probability quadrant was coded relative to the external world, then in the testing phase participants should be faster finding the target in the same environmental quadrant (i.e., the "world-rich" quadrant in Figure 4B ). If the high-probability quadrant was coded relative to the viewer and this coding was not updated following a viewpoint change, then participants should be faster finding the target in the same visual field (i.e., the "viewerrich" quadrant in Figure 4B ). Alternatively, participants may have coded the high-probability locations in both reference frames. In this case they should be faster finding the target in both the world-rich and the viewer-rich quadrants, relative to the low-probability quadrants (i.e., the "sparse" quadrants in Figure 4B ). Of interest is whether aging affects the spatial reference frame of habitual attention.
Figure 4. In experiment 2, participants viewed a monitor laid flat on a table. (A) A sample display. The blue bar was constantly in view and remained in the same screen location throughout the experiment. (B)
During the training phase, the target occurred more frequently in a "target-rich" quadrant. The target was evenly distributed across the display for the testing phase and the participants' viewpoint changed by 90º. Figure reproduced from Jiang, Swallow, & Sun (2014) .
Method
Participants. Forty-eight new participants completed Experiment 2, including 24 older adults between 60 and 80 years and 24 young adults between 18 and 30 years of age. Table 1 provides their demographic characteristics.
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Equipment. Participants were tested individually in a rectangular room. A 19-inch LCD monitor (1168 x 876 pixels) was laid flat on a small rectangular table at one end of the room. Participants sat on a chair with an adjustable height and looked down at the monitor during the task. The LCD monitor was back-lit, making the screen more reflective than the CRT monitor used in Experiment 1. The search items were less visible in this setup, raising the overall difficulty of the search task. All participants were able to perceive the colors of the items when a 25-watt lamp lighted the room. Furniture in the room (e.g., desks, chairs, file cabinet, a lamp) and the room layout were visible.
Materials. The stimuli used in this Experiment were the same as those of Experiment 1, except for one difference. A rectangular frame (39ºx39º, frame width of 0.2º) with one blue side and three white sides enclosed the visual search space. The blue side was 2.3º in thickness ( Figure 4A ). The rectangular frame was always visible and did not rotate when participants' sitting position changed.
Design. Other than the use of a horizontally-placed monitor, the training phase was the same as in Experiment 1, including 8 blocks of 36 trials. The target was more often placed in one, high-probability quadrant (50%), than in any of the other low-probability quadrants (16.7% each). The testing phase involved a change in sitting position. Participants moved their chair counter-clock-wise to sit at an adjacent side of the table. They completed 4 testing blocks of 36 trials each from this new sitting position [footnote 1 ]. The target's location was equi-probable in the testing phase. As before, participants were asked to find the T target and report its color (tinted red or green), a task that was independent of their viewpoint. Because the T and Ls had random orientations and colors, the appearance of the search items remained the same after a 90º change in sitting position.
Procedure. Participants were guided through the same general procedure as in Experiment 1, completing a color blindness test, an education and health information sheet, the search task, recognition test, the personality questionnaire, and the Shipley-2. Just before beginning the search task, participants were informed that about two-thirds of the way through the task they would be re-seated at another side of the table. None of the participants made inquiries about why they would be re-seated. After the training phase the computer paused and an experimenter asked participants to make the seating position change. Participants were not informed of the target's location probability or the reason why re-seating was involved. For the recognition and awareness probes, at the completion of the testing phase participants returned to their original seating position and responded to the questions from that viewpoint.
Results
Similar to Experiment 1, overall visual search accuracy was high. However, older adults were again slightly more accurate (99%) than young adults (96%), t(46) = 4.31, p < .001. As in Experiment 1, we adjusted RT using inverse efficiency.
Replicating Experiment 1, both older and young adults showed location probability learning in the training phase. An ANOVA on target quadrant (high or low probability), block (1-8), and age group (older or young adults) revealed main effects of all three factors. Specifically, RT was faster in the high-probability quadrant, F(1, 46) = 42.29, p < .001, p 2 = .48, in later blocks, F(7, 322) = 8.41, p < .001, p 2 = .16, and in young adults, F(1, 46) = 24.74, p < .001, p 2 = .35. The two age groups showed comparable location probability learning, resulting in a lack of interaction between age group and target quadrant, F(1, 46) = 1.03, p > .30. Location 1 Due to a computer error, the testing phase had 3 blocks for one older adult.
probability learning strengthened with training, yielding a significant interaction between target quadrant and block, F(7, 322) = 2.15, p < .05, p 2 = .05. The linear trend in the interaction term approached significance, F(1, 46) = 3.36, p < .07, p 2 = .07. None of the other interaction effects were significant, F < 1.
(1) Training phase
Figure 5. Results from the training phase of Experiment 2. Error bars show ±1 S.E. of the mean across participants.
Similar to Experiment 1, location probability learning occurred early, reaching significance in Block 1, F(1, 46) = 4.68, p < .05, p 2 = .09. This rapid learning effect did not interact with age group, F < 1. The magnitude of location probability learning in the training phase was comparable between the two groups. Relative to the low-probability quadrants, the high-probability quadrant was associated with an RT saving of 24% in older adults, and 27% in young adults, p > .50.
(2) Testing phase
The results from the testing phase are presented in Figure 6 , separately by age group and the three testing phase quadrants: low probability (sparse), world-centered rich, or viewercentered rich. Even though the target was randomly placed in the testing phase, RT differed significantly depending on the quadrant the target was in, F(2, 92) = 5.03, p < .008, p 2 = .10, and this effect did not interact with age group, F < 1. Young adults were significantly faster than the older adults, F(1, 46) = 35.53, p < .001, p 2 = .44.
Planned contrasts showed that RT was significantly faster in the viewer-centered rich quadrant relative to the sparse, low-probability quadrants, t(47) = 3.71, p < .001. In contrast, the world-centered rich quadrant did not differ significantly from the sparse, low-probability quadrants, t(47) = 0.79, p > .40. These data show that location probability learning was viewercentered and not world-centered. (3) Explicit recognition Awareness of the high-probability quadrant decreased, especially for older adults. On the impression question, fewer older adults (17%) than young adults (58%) said the target appeared in some locations more often than in others, t(46) = 3.23, p < .002. On forced-choice recognition, 33% of the older adults and 67% of the young adults correctly identified the highprobability quadrant, a difference that was significant, t(46) = 2.40, p < .03. The older adults performed at chance ( 2 (1) < 1, p > .30) but the young adults were significantly above chance ( 2 (1) < 22.22, p < .001). The young adults were marginally more confident (mean rating = 2.0) than the older adults (mean rating 1.6), p < .07. Overall, 8.3% of the older adults and 50% of the young adults could be classified as "aware" -they had the right impression about the target's unequal spatial distribution and chose the correct quadrant. The decrease of explicit recognition in older adults (including relative to that observed in Experiment 1) may be attributed to interference. The probe for explicit recognition was administered at the end of the experiment, after participants changed their sitting position and returned back to the original position. In fact, a subsequent study using the same experimental setup but that probed awareness immediately after training found similar levels of awareness in young and older adults (Twedell, Koutstaal, & Jiang, under review) .
Similar to Experiment 1, awareness did not influence the magnitude of location probability learning in the training phase. RT in the high-probability quadrant was 29% faster than in the low-probability quadrants in the unaware group, which was not smaller than the 24% facilitation in the aware group, p > .50. Owing to the one-item nature of the awareness test and the small number of older adults who reached awareness, we could not establish firm associations between awareness, aging, and habitual attention. In an exploratory test, we divided the young adults in Experiment 2 into the aware and unaware groups. We found that the unaware group showed faster responses in just the viewer-centered rich quadrant, but the aware group was faster in both the viewer-centered and the world-centered rich quadrants (Figure 7 ). These findings, if further corroborated in future research, suggest that environmentcentered coding of attention may be associated with explicit awareness Jiang, Swallow, & Sun, 2014 So far we have assumed that the target's location probability influenced how people allocate visuospatial attention. It is also possible, however, that learning affected post-search decision processes, such as increased willingness to respond to a target in the high-probability quadrant (Kunar, Flusberg, Horowitz, & Wolfe, 2007) . One way to distinguish an attentional (search) effect from a post-search decision effect is to examine the RT-set size function. If 
Young adults
Low-probability High-probability location probability learning led to preferential attentional allocation to the high-probability quadrant, it should reduce the slope of the linear function relating RT to the number of items (set size; . In contrast, a post-search effect should only yield a constant RT gain at all set sizes. To achieve high statistical power in detecting an effect of location probability on search slope, data from the training phase of the two experiments were combined (N=40 in each age group). The combined approach was justified because experiment (Experiment 1 vs. 2) did not significantly interact with other factors, all ps > .05. Figure 8 shows the results.
Target quadrant (low or high probability), set size, and age group were entered as factors in an ANOVA. Similar to the analyses reported earlier, participants were faster in the high-probability quadrant, F(1, 78) = 72.35, p < .001, p 2 = .48, and older adults were slower than young adults, F(1, 78) = 30.07, p < .001, p 2 = .28. In addition, RT was slower when more items were on the display, revealing a set size effect, F(2, 156) = 471.27, p < .001, p 2 = .86. This set size effect, an index of search efficiency, interacted with target quadrant, F(2, 156) = 14.13, p < .001, p 2 = .15. The RT-set size slope was shallower in the high-probability quadrant than in the lowprobability quadrants, suggesting that location probability learning influenced the allocation of spatial attention. Finally, older adults had steeper search slopes than did young adults, resulting in a significant interaction between set size and age group, F(2, 156) = 7.00, p < .001, p 2 = .08. The three-way interaction was not significant. Location probability learning improved older adults' visual search efficiency from 142ms/item in the low-probability quadrants to 103ms/item in the high-probability quadrant, a 27% change. It improved young adults' search efficiency from 111ms/item to 83ms/item, a 25% change.
General Discussion
In two experiments, we demonstrated that habitual attention was preserved in normal aging. When a visual search target was more often found in some spatial locations than in others, older adults preferentially attended to the high-probability quadrant. The pace and magnitude of learning were comparable to those in young adults. In addition, habitual attention was qualitatively similar between older and young adults. Both groups continued to favor the previously high-probability locations for 100+ trials after the target's location became random. In addition, they relied primarily on a viewer-centered spatial reference frame to code the target's location.
The preservation of habitual attention may be contrasted with an age-related decline in search speed and efficiency. Older adults were considerably slower than young adults. In addition, they were slower in shifting attention from item-to-item, producing a steeper RT-set size slope. These findings are consistent with previous studies using visual search (Bennett et al., 2012; Potter et al., 2012) . The impairment in the more controlled aspect of attention -serial scanning -can be contrasted with the preservation in the acquisition and use of a search habit. These findings support the idea that visuospatial attention is comprised of multiple mechanisms, including both controlled and habitual shifting of attention. Aging is associated with a selective sparing of habitual attention. Even though older adults were less efficient in search than were young adults, they were able to speed up their search through location probability learning. Their search slope in the high-probability quadrant was similar to the young adults' search slope in the low-probability quadrants.
These results may seem surprising given that the striatum, a brain structure important for habit formation, shows age-related decline in function (Howard & Howard, 2013) . However, habitual attention may also be supported by other brain structures, such as the premotor cortex Jiang, Koutstaal, & Twedell or superior colliculi, structures important for spatial attention (Nobre & Kastner, 2014) . In addition, age-related decline may be less severe in brain systems underlying habitual attention than in those underlying controlled attention. Future neuroimaging or neuropsychological studies are needed to test these possibilities.
This study joins a subset of the literature in showing intact incidental learning in older adults. It raises a broader question about why some, but not all, implicit learning is preserved in older adults. Howard and Howard (2013) proposed that, in serial reaction tasks, aging impairs the learning of probabilistic sequences. Although the location probability learning used in our study is also probabilistic, the probability difference between the high-and low-probability quadrants was large (50% vs. 16.7% for each of the sparse quadrants). Whether aging affects more subtle location probability learning is an empirical question for future research.
Unlike previous work on contextual cuing, location probability learning does not depend on context processing. Therefore, this type of learning is less likely to depend on the medial temporal lobe. Some, though not all, previous studies using contextual-cuing like tasks have observed a decline in older adults' ability to guide attention based on repeated spatial contexts (Howard Jr. et al., 2004; Lyon et al., 2014; Smyth & Shanks, 2011) . A recent study that tested patients with mild cognitive impairment suggests that contextual cuing correlates with hippocampal volume, but not with age (at least within the age range tested in that study: 61-84 years; Negash et al., 2015) . Because hippocampal volume was not assessed in previous behavioral work, it remains a possibility that age-related hippocampal impairment may account for the reduction in contextual cuing in some older adults. In contrast, probability cuing is not context specific. The preserved probability cuing effect observed here suggests that habitual attention is intact in healthy aging.
The current study suggests ways in which both older adults and young adults may be helped to compensate for demands on controlled aspects of attention. Consistency of spatial placements of important information, or objects, may offer a general approach to improving virtual or physical design for both older and young adults. For example, locating target links in the left region of web pages reduced age-related differences in search times and substantially enhanced search performance for both age groups (Grahame, Laberge, & Scialfa, 2004) . Consistent spatial placements might also help to reduce "competition-in-clutter" effects that differentially degrade visual selection performance in older adults (McCarley, Yamani, Kramer, & Mounts, 2012) . In addition, when designing livable spaces, devices, or user-interfaces, architects and designers should also consider the strong viewer-centered representation that both older and young adults rely on. Future studies should examine how habitual attention can compensate for age-related declines in controlled attention. It will also be important to examine whether habitual attention is preserved in abnormal aging, such as in people with Huntington's, Parkinson's, or Alzheimer's disease.
